possibility of deriving clear hypotheses of what phenotypes these loci should affect, many previous studies examined traits that are, at best, not directly relevant (e.g. IQ [13, 16] or altruism [14] ) or quite distantly removed (e.g. adult head circumference [15] ). Where more relevant phenotypes such as cranial volume [11] or brain volume [12] have been studied, only the few putatively positively selected SNPs have been considered. An important message is that Rimol et al.'s study [6] clearly demonstrates the benefit of using the most biologically relevant phenotypes in genetic association studies.
Having found significant associations both Rimol et al. [6] and Wang et al. [7] performed several tests to detect positive selection having acted on the SNPs. Using the Tajima's D statistic, which uses polymorphism data to measure deviation from neutral evolution in a stable population, Rimol et al. [6] found four SNPs at CDK5RAP2 and one SNP at ASPM that lie in the lowest 5% of the distribution for genome-wide SNPs. This result is consistent with the action of selection on these loci and hence raises the possibility that they may have been involved in adaptive brain size evolution, although this will need to be confirmed with further data. In contrast, neither study found any evidence for selection at ASPM.
It is important to note that the functional significance of these SNPs, almost all of which lie outside the coding sequence, is not known, although it is of note that a few of them lie in genomic regions which are conserved across mammals. Future analysis of the functional effects of these SNPs, and other linked variation, such as by analysis of gene expression, may provide a new window into the developmental mechanisms that give rise to the human brain, and the role of these processes in developmental disorders. The opportunity to uncover the developmental basis and function of sex-specific differences in brain structure is particularly exciting. Together with studies that show that positive selection has shaped the evolution of microcephaly genes (for review, see [20] ), these results confirm that the loci are good candidate genes for contributing to the genetic basis of brain evolution in humans and other primates. repressors are lacking, the default is for both cells to adopt the same fate. However, in plants, which evolved multi-cellularity independently from animals, increasing evidence suggests that the mechanisms required for asymmetric divisions and acquisition of divergent fates are fundamentally different: in mutants with defects in asymmetric divisions, progeny cells often adopt a mixed identity, sharing attributes of more than one cell type. One such mutant, schizoriza (scz), was first reported eight years ago as a plant with defective radial specification of cell identity leading to the production of root hairs from sub-epidermal cells, mis-expression of epidermal markers in cortex cells, as well as supernumerary cell divisions in ground tissues, resulting in a root with three layers of ground tissue [3] .
The intriguing scz phenotype has now been characterized in much greater detail by ten Hove and colleagues [4] , as reported in this issue of Current Biology. In scz, cells at multiple positions in the root meristem are affected in cell type specification. For example, columella cells express some markers normally restricted to the stem cell niche, while cells at the position of the quiescent center (QC) and columella stem cells display attributes of differentiated columella cells (Figure 1) . Surprisingly, this is not associated with a defect in cell division patterns in this domain of the root, nor does it affect the maintenance of stem cells and the ability to sustain root growth. Furthermore, in scz, cortex cells express epidermal markers, while epidermal cells express lateral root cap markers and share morphological features of the latter [4] . Thus, in scz, segregation of cell fates and compartmentalization of these functions into discrete cells at developmentally specified positions in many cell types at the root apex is disrupted. It is astonishing that, despite cells having attributes of different cell types, the root grows at half the rate of wild type, suggesting that cell fate segregation is not essential but is required only for optimal root development and growth.
ten Hove and colleagues [4] cloned SCZ, which is encoded by HSFB4, a member of the heat shock transcription factor family. SCZ is expressed, from the heart stage of embryo development onwards, in the incipient ground tissue stem cell and the QC, suggesting that it must act both cell-autonomously and non-autonomously to control cell fate separation. This was confirmed when SCZ was expressed in different cellular domains of the root to assess whether expression in selected domains could complement the mutant phenotype: only expression in cortical cells, including the cortical/ endodermal stem cell, could restore wild-type rates of growth and cell patterning [4] .
The complex SCHIZORIZA phenotype, together with its more spatially restricted expression domain, leads to the question of how the protein functions mechanistically. It is notable that the cell non-autonomous action of SCZ extends over several cell diameters, whereas SHORT-ROOT (SHR), for example, reaches only one cell diameter. SHR is a transcription factor that is expressed in the stele and QC, but the encoded protein moves radially from the stele to act in the endodermal/cortical stem cell to specify an asymmetric cell division through the SCARECROW protein, which segregates endodermal and cortical fates [5] . It is not very likely that the SCHIZORIZA protein moves over several cell diameters but this cannot be excluded as it has been shown that other transcription factors, for example LEAFY, can move locally between several cell layers in the shoot apical meristem [6] . ten Hove et al. [4] did not report experimental tests of local SCHIZORIZA protein movement and, therefore, local mobility still remains a possibility to explain its cell non-autonomous action.
Although SCZ encodes a so-called heat shock protein (hsp), its expression is not regulated significantly by heat. Many hsps are chaperones required for appropriate folding to allow for full activity of their substrates even at ambient temperatures. There is precedence in both plants and animals for a requirement of components of 'heat shock' regulatory networks in development. For example, in Arabidopsis, a plant homolog of hsp94 is required for the activity of the CLV1-3 complex that regulates stem cell homeostasis in shoot meristems [7] . Chaperones also have more fundamental roles as evolutionary capacitors: compromised hsp90 activity leads to the phenotypic manifestation of otherwise cryptic mutations that affect a wide range of developmental functions [8, 9] . The availability of loss-of-function mutations accelerates adaptation to a new optimum phenotype by allowing selection from pre-existing gene variants. Evolutionary capacitors are not limited to chaperones; in principle, any gene within a regulatory network can have this function [10] .
Therefore, it is conceivable that SCZ is required for the expression of a target gene, such as a chaperone, that is required for generating the appropriate conformation of a mobile signal that originates from the endodermal/cortical stem cell or the initial cells of the cortical lineage, to allow cell fate separation in surrounding cell lineages at the root apex.
An entirely different scenario is also possible. According to the organismal theory, the plant body is not built from cells, but cells subdivide the plant body to compartmentalize functions [11, 12] . From this point of view, the existence of multi-cellular or overlapping expression domains of specific markers would not be surprising, and scz would be an atavistic mutation that uncovers a more primitive state in tissue and cell differentiation by uncoupling cell type patterning from cell wall formation. Whatever the outcome, further characterization of the mechanisms of asymmetric cell division in plants, including the recently discovered BASL [13] , is likely to reveal exciting fundamental insights into plant development.
